
patient’s consent was not obtained. The patient has not 
had a recurrence of multiple ulcers but remains positive 
for H. ailurogastricus. The limitation of this case report is 
that, although we succeeded in culturing H. ailurogas-
tricus in the stomach of this patient and the drug-sus-
ceptibility test has determined the regimen for eradica-
tion, we have not yet been able to perform eradication 
therapy. Therefore, the efficacy of eradication in H. ailu-
rogastricus infections has not been confirmed. H. ailuro-
gastricus eradication therapy will be administered at the 
next patient visit to prevent ulcer recurrence. 

The clinical importance of NHPH infection in the 
human stomach has been increasing in the post–H.  
pylori era. Because NHPH species such as H. suis and H. 
ailurogastricus cannot be detected by most H. pylori diag-
nostic tests, such as the urea breath test and stool anti-
gen test, NHPH infections should be considered when 
routine H. pylori tests are negative, despite the presence 
of inflammatory findings in the gastric mucosa.
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Erysipelothrix bacteria cause infections in humans 
and other species after contact with infected ani-

mals or environmental sources (1). Illness ranges from 
mild to systemic, which can include septicemia and 
endocarditis. Erysipelothrix can survive for long peri-
ods in the environment, including marine ecosystems 
(1) associated with marine fish, mollusks, and crus-
taceans. Erysipelothrix infection affects captive and 
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In August 2021, a large-scale mortality event affected har-
bor porpoises (Phocoena phocoena) in the Netherlands. 
Pathology and ancillary testing of 22 animals indicated 
that the most likely cause of death was Erysipelothrix rhu-
siopathiae infection. This zoonotic agent poses a health 
hazard for cetaceans and possibly for persons handling 
cetacean carcasses.



free-ranging crustaceans and is linked to fatal sepsis 
(2). To our knowledge, reports of large-scale mortal-
ity events caused by Erysipelothrix infection in marine 
mammals are absent from the literature, and Erysip-
elothrix has not been detected in stranded porpoises 
along the Netherlands coastline since the start of our 
harbor porpoise stranding research program in 2008.

At the end of August 2021, a total of 190 dead 
harbor porpoises (Phocoena phocoena) were found 
on Dutch Wadden islands; the annual average for 
stranded harbor porpoises on the entire Dutch coast-
line is 600. No anthropogenic activities in the south-
ern or central North Sea that could explain this mor-
tality event were reported to the government of the 
Netherlands in the 4–6 weeks before the event.

Most porpoises were found in an advanced state 
of decomposition. Twenty-two animals were collected 
for examination at the Faculty of Veterinary Medicine 
of Utrecht University (Appendix Table 1, https://
wwwnc.cdc.gov/EID/article/29/4/22-1698-App1.
pdf). We immediately necropsied 2, and the rest were 
temporarily frozen pending postmortem investiga-
tion and ancillary testing.

Because of advanced decomposition, we could 
perform only gross pathologic examinations and sam-
pling for ancillary testing, following a standardized 
international protocol (3). Adult female porpoises 
were mostly in good to moderate nutritional con-
dition with mild to moderate parasitic infections of 
various organs and had been reproductively active  

(Appendix Table 1). Of the 21 stomachs examined (1 
was not examined because of gross damage caused 
by scavengers), none contained marine debris; 10 con-
tained the remains of a few prey, reflecting nonrecent 
food intake, and the remaining stomachs were empty.

Samples from 3 porpoises with gross changes 
(mammary gland, lung, spinal cord) were cultured 
on blood agar (bioTrading, https://biotrading.com) 
at 37°C for 48 h. Culture results were positive for Ery-
sipelothrix rhusiopathiae. Subsequently, we tested liver 
samples from 21 animals for E. rhusiopathiae; and 16 
were positive (Appendix Table 2). To investigate the 
relatedness of isolates, genomes of 18 isolates were se-
quenced by using Illumina NextSeq (https://www.il-
lumina.com) and assembled by using SPAdes version 
3.14.1 (4); we included 11 publicly available reference 
genomes from different E. rhusiopathiae clades (5). A 
core genome alignment was made with Parsnp ver-
son 1.2 (6) and visualized by using iTol version 4 (7).

Genomes from this study were phylogenetically 
positioned between clade 2 E. rhusiopathiae reference 
genomes and formed 2 distinct clusters showing ≈3,400 
single-nucleotide polymorphism (SNP) differences 
and limited diversity of <6 SNPs within the clusters 
(Figure). That pattern suggests dissemination of 2 clon-
al lineages of E. rhusiopathiae, either through exposure 
to a common source or contact between individuals.

Virology tests on 14 fecal, 15 blood, and 17 
spleen samples and metagenomic sequencing with 
VirCapSeq-VERT (8) revealed no virus sequences of 
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Figure. Phylogenetic tree of 
Erysipelothrix rhusiopathiae 
from stranded harbor porpoises, 
the Netherlands, 2021, 
compared with reference 
genomes described by Forde 
et al. (5). Branches are square 
root transformed. Detailed 
information for each sample is 
provided in Appendix Table 3 
(https://wwwnc.cdc.gov/EID/
article/29/4/22-1698-App1.pdf).



interest. In addition, we tested 20 lung and 20 brain 
samples for influenza A virus, paramyxoviruses (in-
cluding morbilliviruses), coronaviruses (including 
SARS-CoV-2), and herpesviruses. Only 2 brain sam-
ples tested positive for P. phocoena alphaherpesvirus 
(Appendix Table 1), described as an incidental cause 
of death in porpoises (9). Our results indicate that vi-
ruses were an unlikely factor in this mortality event.

We pooled 20 stomach content samples and 21 
liver samples in triplicate and analyzed them with 
a Liquid Chromatograph Triple Quadrupole Mass 
Spectrometer (LC-MS/MS)  (McCrone Associates, 
https://www.mccrone.com) for domoic acid, saxi-
toxins, tetrodotoxin, and lipophilic marine toxins. 
Only saxitoxin was detected; it was in 1 pooled liver 
sample (estimated concentration 15 μg/kg). Subse-
quently, we analyzed livers individually, and saxi-
toxin was not confirmed in any of the individual sam-
ples. We therefore conclude that harmful algae were 
an unlikely factor in this mortality event.

Gross pathologic assessment revealed a moderate 
to good body condition for most porpoises, but none 
had recently fed. This finding suggests a subacute 
cause of death from sudden and excessive disease. No 
clinically relevant viruses were detected. Phycotoxins 
were detected in a limited number of porpoises. In 
contrast, E. rhusiopathiae was isolated from most in-
vestigated porpoises. Therefore, we consider E. rhusio-
pathiae to be the most likely cause of death. Advanced 
autolysis of the carcasses made detection of distinc-
tive lesions associated with Erysipelothrix infection im-
possible. The low number of SNPs differing between 
isolates suggests common exposure, possibly a food 
source, transmission between porpoises, or both.

Our results draw attention to possibly increased 
cetacean susceptibility to E. rhusiopathiae, to new or 
emerging sources of Erysipelothrix in the marine en-
vironment, or both. Erysipelothrix remains viable in a 
carcass up to 12 days in direct sunlight, up to 4 months 
in putrefied flesh, and up to 9 months in a buried car-
cass (10). This new emerging source and the long sur-
vival time in carcasses demonstrates a need for hav-
ing only trained personnel handle stranded animals, 
proper disposal of carcasses, and increased aware-
ness for the potential presence and transmission of 
this zoonotic bacterium among cetaceans.
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Powassan virus (POWV) is a tickborne flavivirus 
that causes encephalitis with severe neurologic 

sequelae (1). In the United States, POWV infections 
occur primarily in the Northeast and Great Lakes re-
gions (2). We report a case of human POWV infection 
in Ohio.

A 4-year-old boy was brought to the emergency 
department because of fever, vomiting, and convul-
sive status epilepticus. He had no neurologic history 
or developmental delays. Mosquito and tick exposure 
history was substantial, although no engorged ticks 
were recently removed. The patient had not traveled 
outside of Ohio. 

Results of a computed tomography scan of the 
head were unremarkable. We initiated intravenous 
vancomycin, ceftriaxone, and acyclovir. Magnetic 
resonance imaging showed left temporal pulvinar 
and thalamic T2-weighted fluid attenuated inver-
sion recovery hyperintensity and restricted diffu-
sion; an electroencephalogram showed lateralized 
periodic discharges. Cerebrospinal fluid (CSF) 
was collected by lumbar puncture, revealing a leu-
kocyte count of 44 cells/μL (reference range <10 
cells/μL) of which 85% were lymphocytes; glucose 
and protein levels were normal. The patient’s BIO-
FIRE FILMARRAY Meningitis/Encephalitis PCR  
panel (bioMérieux, https://www.biomerieux-di-
agnostics.com) was negative (Table). He was admit-
ted to the pediatric intensive care unit, and seizures 
were controlled with anticonvulsants. Tests for 
infectious and noninfectious causes of meningitis 
and encephalitis were negative (Table). Antimicro-
bial drugs were discontinued after negative bacte-
rial cultures were observed. Acyclovir was discon-
tinued after PCR of CSF for herpes simplex virus  
was negative. 

On hospitalization day 5, severe neurologic de-
cline developed, and brain magnetic resonance imag-
ing was repeated. New areas of T2 hyperintensity and 
restricted diffusion and thalamic microhemorrhages 
in a rhombencephalitis pattern were identified. Lum-
bar puncture was repeated, revealing considerable 
lymphocytic pleocytosis and elevated protein (156 
mg/dL). Leading diagnoses were autoimmune en-
cephalitis and acute necrotizing encephalopathy of 
childhood (ANEC). The patient exhibited severe en-
cephalopathy, nystagmus, right hemiparesis, and 
diffuse hypertonia. He was treated with high dose 
methylprednisolone, plasmapheresis, and intrave-
nous immunoglobulins. 

Genetic testing for familial ANEC type 1 was nega-
tive. We sent CSF obtained on hospital day 5 to the Uni-
versity of California San Francisco for metagenomic 
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We describe a 4-year-old male patient in Ohio, USA, who 
had encephalitis caused by Powassan virus lineage 2. Vi-
rus was detected by using metagenomic next-generation 
sequencing and confirmed with IgM and plaque reduction 
neutralization assays. Clinicians should recognize chang-
ing epidemiology of tickborne viruses to enhance enceph-
alitis diagnosis and management.
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Appendix Table 1. Overview of biological, pathological and relevant ancillary testing data of investigated harbor porpoises* 

Case ID Stranding date Stranding location Age Sex DCC NCC Mass (kg) TL (cm) Repro assessment Erysipelothrix 

Phocoena 
phocoena 

alphaherpesvirus Phycotoxins 
UT1877 23-8-2021 Schiermonnikoog A M 3 5 27 130 Adult male positive NA Pooled 

samples 
stomach and 
liver negative 

UT1878 26-8-2021 Schiermonnikoog A F 4 5 35 154 Large CL but no 
embryo detected, 
suspect aborted 

positive NA 

UT1880 28-8-2021 Ameland A M 4 3 32 138 Adult male positive negative 
UT1881 28-8-2021 Ameland J F 4 2 19 122 Juvenile female positive positive (brain) 
UT1882 28-8-2021 Ameland A F 4 2 23 136 Scavenged positive negative 
UT1883 28-8-2021 Ameland A F 4 3 44 157 Scavenged positive negative 
UT1884 28-8-2021 Ameland A F 4 2 42 153 Lactating and 

pregnant 
positive negative 

UT1885 28-8-2021 Ameland A F 4 1 35 144 Pregnant negative negative Pooled 
samples 

stomach and 
liver negative 

UT1886 28-8-2021 Ameland A M 4 6 22 141 Adult male positive negative 
UT1887 28-8-2021 Ameland A F 4 1 41 153 Lactating, extended 

uterus, no embryo 
detected 

positive positive (brain) 

UT1888 28-8-2021 Ameland A F 4 1 32 153 Cervix extended, 
further scavenged 

hampering 
assessment 

positive negative 

UT1889 28-8-2021 Ameland A M 4 5 29 134 Adult male negative negative 
UT1890 28-8-2021 Ameland A F 4 4 34 152 Lactating, CL left, 

no embryo detected 
positive negative 

UT1891 28-8-2021 Schiermonnikoog A F 4 1 51 165 Pregnant negative negative 
UT1892 27-8-2021 Schiermonnikoog A F 4 1 44 154 Resting negative negative Pooled 

sample 
stomach 
negative; 
pooled 

samples liver 
positive for 

UT1893 28-8-2021 Terschelling A F 4 6 44 163 Lactating and 
pregnant 

positive negative 

UT1894 28-8-2021 Terschelling A F 4 2 27 147 Lactating and 
pregnant 

positive negative 

UT1895 28-8-2021 Terschelling A F 4 4 33 152 Pregnant positive negative 
UT1896 28-8-2021 Terschelling A F 4 4 35 164 Resting positive negative 

https://doi.org/10.3201/eid2904.221698
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Case ID Stranding date Stranding location Age Sex DCC NCC Mass (kg) TL (cm) Repro assessment Erysipelothrix 

Phocoena 
phocoena 

alphaherpesvirus Phycotoxins 
UT1897 28-8-2021 Terschelling A F 4 2 44 162 Lactating and 

pregnant 
positive negative SXT (15 

µg/kg) 
UT1898 28-8-2021 Terschelling A F 4 3 37 163 Scavenged negative negative 
UT1899 28-8-2021 Terschelling J M 4 4 13 114 Juvenile male NA negative NA 
*Dates are DD-MM-YYYY. Age: A = adult, J = Juvenile; Sex: M = Male, F = Female; DCC: Decomposition Condition Code, following L.L. IJsseldijk et al., unpub. data,https://eprints.gla.ac.uk/270811; NCC: 
Nutritional Condition Code, following L.L. IJsseldijk et al., unpub. data.  NA = Not Available; STX = saxitoxins 

 
 
 



 

Page 3 of 3 

Appendix Table 2. Detailed results of bacteriological culture 

ID 

Bacteriology 
Cultured 
organs Culture results 

UT1877 Liver Liver: 1. Mild amount of Proteus mirabilis, 2. Moderate amount of E. rhusiopathiae 
UT1878 Liver and lung Liver: Moderate amount of E. rhusiopathiae. Lung: 1. Severe amount of Clostridium perfringens, 2. 

Severe amount of E. rhusiopathiae, 3. Mixed culture of 3 bacteria, mild amount 
UT1880 Liver Liver: Moderate amount of E. rhusiopathiae 
UT1881 Liver Liver: 1. Mild amount of E. rhusiopathiae, 2. Mixculture of 2 bacteria, mild amount 
UT1882 Liver Liver: 1. Mild amount of E. rhusiopathiae, 2. Mild amount of anaerob mixed culture 
UT1883 Liver Liver: Moderate amount of E. rhusiopathiae 
UT1884 Liver Liver: 1. Moderate amount of E. rhusiopathiae, 2. Mild amount of mixed culture of 2 bacteria 
UT1885 Liver Liver: Mild amount of anaerob mixed culture 
UT1886 Liver Liver: 1. Moderate amount of E. rhusiopathiae, 2. Mild amount of anaerob mixed culture 
UT1887 Liver Liver: 1. Moderate amount of E. rhusiopathiae, 2. Mild amount of anaerob mixed culture 
UT1888 Liver Liver: 1. Moderate amount of E. rhusiopathiae, 2. Mild amount of anaerob mixed culture 
UT1889 Liver Liver: Mild amount of anaerob mixed culture 
UT1890 Liver Liver: Moderate amount of E. rhusiopathiae 
UT1891 Liver Liver: Mild amount of anaerob mixed culture 
UT1892 Liver Liver: Mild amount of anaerob mixed culture 
UT1893 Liver Liver: 1. Moderate amount of E. rhusiopathiae, 2. Mild amount of anaerob mixed culture 
UT1894 Liver and 

mammary 
gland 

Liver: Mild amount of Paeniclostridium sordelli. Mammary gland: 1. Moderate amount of E. 
rhusiopathiae, 2. Mixed culture of 2 bacteria 

UT1895 Liver and 
spinal cord 

(swab) 

Liver: 1. Mild amount of anaerob mixed culture, 2. Mild amount of E. rhusiopathiae. Swab CNS: 1. 
Moderate amount of E. rhusiopathia, 2. Mixed culture. 

UT1896 Liver Liver: 1. Moderate amount of E. rhusiopathiae, 2. Mild amount of anaerob mixed culture 
UT1897 Liver Liver: Moderate amount of E. rhusiopathiae 
UT1898 Liver Liver: no bacteria cultured 
UT1899 NA NA 
NA, not available 

 
 
 
Appendix Table 3. Detailed information for each sample 
ASSEMBLY_NAME VMDC_ID ASSEMBLY_ACC STUDY_ID SAMPLE_ID 
21S01196 221083103101 GCA_947039675 PRJEB56391 ERS13511510 
21S01197 221093006801 GCA_947041805 PRJEB56391 ERS13511511 
21S01198 221093006701 GCA_947037435 PRJEB56391 ERS13511512 
21S01199 221101910801 GCA_947040135 PRJEB56391 ERS13511513 
21S01200 221101911001 GCA_947037175 PRJEB56391 ERS13511514 
21S01201 221101911101 GCA_947037165 PRJEB56391 ERS13511515 
21S01202 221101911201 GCA_947039825 PRJEB56391 ERS13511516 
21S01203 221101911301 GCA_947038085 PRJEB56391 ERS13511517 
21S01204 221101911401 GCA_947040235 PRJEB56391 ERS13511518 
21S01205 221101911601 GCA_947037575 PRJEB56391 ERS13511519 
21S01206 221101911801 GCA_947040195 PRJEB56391 ERS13511520 
21S01207 221101911901 GCA_947038325 PRJEB56391 ERS13511521 
21S01208 221101912101 GCA_947038715 PRJEB56391 ERS13511522 
21S01209 221101912401 GCA_947038205 PRJEB56391 ERS13511523 
21S01210 221101912601 GCA_947038705 PRJEB56391 ERS13511524 
21S01211 221101912701 GCA_947037675 PRJEB56391 ERS13511525 
21S01212 221101912801 GCA_947038755 PRJEB56391 ERS13511526 
21S01213 221101910901 GCA_947038735 PRJEB56391 ERS13511527 
 


